Description TITLE OF THE | NVENTI ON Nl - PLATEE PELS SHEET FOR BATTERY
CAN HAVI NG EXCELLENT PRESS FORMABI LI TY TECHNI CAL FI ELD [ 0001] The
present invention relates to a NJ.i-ptated steel sheet for a battry can

whi ch, exhibits excellent press formability. BACKGROUND ART [0002]
Conventionally, a. N -plated steel sheet has been popularly used as a
material for manufacturing battery cans, Al so, to further enhance the
corrosi_on resistance of an outef.surface,of a battery can, there has been
used a Ni-plated steel sheet. where Ni. plating is formed on a surface of a
steel sheet corresponding to an OQUter surface at: abattery cartand,
thereatter, a Fe-Ni diffusion layer is fornmed by applying heat treatnent to
the N -ptated st eslr sheetnTION As properties which such a N -plated
steel sheet for manufacturing a battery can :Ls required to possess,. the
stabl e press forrrehiATiEDy ScanLbeH heMech RlBaTg BMvt hatheaexgel| dxeThLbatT ery
characteristic and the excellent corrosion resistance. The stabl e press

f or mabi | PREARAMRMARAILEHe scratches are not: forned on a battery can and no
seizure is generated at the tine of press formng. Press formability is an
inmportant factor in terns of product ivisd tor preventing preSS machi ne
from bei ng shut. because of maintenance done on a nold. }idt here itr; t
er M5( er : TCHNI@BH MERD t her ehaseeena demand :J01: he redu ctionerr,/
on2ii.en t. al toad by usa .r.-longan solvent and non--al kali (2-icaning

, There GNHEHing after pressing is perfornmed 1...,shng an aqueous sol urion
cohta ining a surface active a Accordlngl ¥ there has been a
demand fi . D r. TSNP PPAL dd Vst m%ﬁ%%ﬁtﬁﬁﬂﬁhaéHﬂﬂ¥%¥q%é ﬁﬁ&ﬁ%ﬁﬁ%re of a

batter re for:lci en when a t er - based ion or a pre
Praut o T anbaPbERs: toh il QR RrIb 021G R] BRRES SNy, ® P esS

docunent [ﬂﬁ? Pat ent 4051.01.2) discloses aNi-piate (a steel
sheet . %écﬁéﬁg Eﬁ%gl Can where Fe-Ni | ayer or a 1l-re-|lcsi
diffuilﬁggkﬁ%er and a Jr.ecrystall'. zed softened 1\ 11--plated | aver -which

:Ls for the Ile-Ni diffusion layer are. forned on a surface of. a

Steel . sheet ceehesnendingio &g au porasuifaseof UhecRatiety can, and a

Ni -pl ated | ayer cont. .Lni'ng a bri ening agent. or a sem -bri ghtening

agent 1.5, 4 oraed, %é&‘%@%oﬁﬁtg%%&o@@g ﬁéﬂﬁfacéﬁglﬁ& bé‘%% e Stu face.

roughness Rat of. the N -plated |ayer Is set .5 cmor 7:ore, Also in
such a Mrdd atedrst-eakrsbeRhnca. t160atd Nghs Wl Q@sﬁftatn'&% be- é“h difef t.sion
| ayer or a coatlng 1...,eight 0.1 the Noe---N layer and the recrystallized

sof t enedsuNizqpi atred bdta:}éﬂd‘y tanneehohe thes FeeN udidfusiopihayerstseb to
45.11/Pl in terns ad N (a Ni anount at thediffusion |layer or a total N

amount afhddte wherNi NdiHfasion 1ayermadonhe $ecfysd all hzetdesof diened
Nl -plated | ayer formed on the Fe -Ni. diffusion |ayer, and a.
coat i ndweiidfafdiheat abed Hwer eor f i oe BYlaigh hiebr y ghhemiangtiGgesd £ty ) : t he
sem -br:Li"natpant is, in ternms; of Ni, 0.5 q../nT
a Fe-Ni diffusion layer is formed by applying heat treatment
to the Ni-plated steel sheet.

As properties which such a Ni-plated steel sheet for
manufacturing a battery can is required to possess, the stable
press formability can be named along with the excellent battery
characteristic and the excellent corrosion resistance. The
stable press formabilitymeans that the scratches are not formed

on a battery can and no seizure is generated at the time of press

forming. Press formability is an important factor in terms of



or nore and. less than an Ni of a .Layer tne ii-plated |ayer (the N anount
of the Ile -Ni diffusion ayer or the total NA anK)lant. of the Fe -N
diffiLsion layer and the recystallized softenedla -plated |ayer forned sn.
the Fe -Ni. diffusion |ayer). Further, patent docunent 2
(Japanese Patent. 4051021) discloses a N -plated steel sheet for a battery
can where an Fe -Ni. diffusion layer is forned on. a. surface of a steel

sheet cog f&&?@@ﬁx&igg{ E@r%&%r%lrﬁjhéfﬂ% @ﬁacﬁhﬁe%@wlﬁ@@,h@r&ddmh\h

-plated. |ayer ainini a brightening agent or a sem =-brightyl ng agent.
is for m&ec%é@fﬁﬁamt&hiﬁé@l&@hé edad ,m@verage roughness Ra of the Ni
-plated layer Is 0.1...)mcr. nore and lamor less, and its Pmax is |am or
nmore and 10am ordtess., Ahseriiy sbehva rstheehtshenete hascoadh Bgidmande. c4nt  of
the Fe-Ni diffusion layer tab Lc 452/n2 in terns of NN and a c!cat.ing

wei ght ofot heeNedupltdtce 1 ayeencanbamainng-. INadigent iary 4 hen-sengaibt ¢ ght eni ng
agent is 0.5to 20g/m" in tarmac)f Ni. Prior Art Dociirrent Patent
Docunents¢ D004 dPat ent—ddGanent Japanes eviRatentl o4051071 2 f Pat ent e slocugment  2:
Japanese Patent. 4051.021. SUMVARY CE THE | NVENTI ON PROBEENS THAT THE

| NVENTI ONs 18T SCLVEIsing an aquédowever unieh cespectito a heurface
above-nentioned. Ni-plated steel sheets disclosed in patent docunents | and
2, at th@ctlﬁeoﬁ%%mmganactmeons enui si on- basedpr essl i qui dadapr essl i egi d.

for a lubricant in a dramnn ste scratches are generated on an outer
surface of a. Bataery ro? géﬁ@ﬁ%ﬁ@éﬁ@ﬁﬁﬂip%ﬁbﬁ-m&%$QQE%e%¥Vlng
rise to drawbacks concbrnlr vie quality of ca The present
|nvent|oﬁpe%%gﬂﬁégheﬁﬁ&éeﬁotg@e@%@ﬂéagﬁEﬁec%ﬁV%ﬁFﬁﬁﬁ&W’&?QMBXCQ%eS%nd it is
an object of,the pres inveption to provide a Ni-plated steel shee,i ter
a can haviTy the &Xtél eéhf" Bress” 1?6??1%??“14?/1%@% 53 BFS&én?P-ﬂalf‘h%
generatlg of scratches .and the gdneratiort ot s.el.zure to a MO id at
the trit %f"%%?‘%r?h the Batfery gan- MEANS FOR SOLVI NG THE PROBLEMB

(1) TheuL i nvehttonid:directedt)aN -pi atedsteei sheet for a battery
can hayi ng ex ellent press formability, an Fe -Ni. diffusion

| aver and a. reé'?%rpﬁlle, ee%rn%&’é%gef?@ 1ty hSa;g 2na N gl sk o8y hayer are

formed on a surface eet corresponding to an outer surifacc: of
the bat t @f y- Cafbs & r@PIEBEé‘Eed\"steEQ'éﬁéé@fbk'éﬁ@&ték?%a@%@?et hge-gpof t ened

a. Ni. coating. weight. of the Fe-N "diffusion |ayer and the
SOfteneddef&@ﬂ@ﬁJE@%ﬁEQrQﬁFEhﬁld%fﬁﬂszﬁﬁH%%Qth@%ﬁfeé§y§€éllﬁﬂ@&|er t han
a Li. coal:A ng weight of the sem-bright N plating |ayer, aver age

roughnessotdendd &i-0 1% tlhel seat +right sNic ripddbni fige lrayeri aeasusednby a
traceabl e roughness gauge is 1.0p.mor nore and 2.0pmor less, and a

caa. : Cl : 1M hei ghtt Rmeaaf drhe samifachr bght Biepllathagtl ayereppasared by the
traceabl e roughness gauge is Sgmor nore and 20gm or |ess, and

surf ace roughnessrRauaffaacsurface ittdrey sem - kmicght NN-ppbkatdngalayer in an
area of 2.5pmx 2,5pm whdch is obtained by an atom c force m croscope
fails wie¢himeinanee bromhberngn22agpnt or a sefd)y-dm atfierNingpbgted stee

sheet for a battery can having excellent nress tormabsait:y having the
above - neptiohee constaber¢oneCiignedt heydr, coadi ag wet1agd 1surpicehe Fe-Ni
di ffusion layer. and the softened Ni |ayer fornmed on the Fe -N diffusion

| ayer i sCBIGn®ys /AR, fandet He ~Rilatedat gL wes ght t ofo Serd HBr PGHECRE - pl at dng:

| ayer is P / or nore, ADVANTAGEOUS EFFECTS OF THE | NVENTI ON
ATso in such a Ni-plated steel sheet, a coating weight of the

Fe-Ni diffusion layer or a coating weight of the Fe-Ni diffusion
layer and the recrystallized softened Ni-plated layer formed
on the Fe-Ni diffusion layer is 5 to 45g/m2 in terms of Ni (a
Ni amount of the Fe-Ni diffusion layer or a total Ni amount of

the Fe-Ni diffusion layer and the recrystallized softened



0007 The present invention can provide a -p a ed steel sheet for a
can having the excellent. press fgrmatH 1.ity |l e preventing the generation
of scratches and the generation of: seizure to a. nold at the tinme of
formng the battery can. Mode for Carrying Qut the irtvention. [0008]
According to an enbodinent 1 of the present invention, expellent press
tbrmability, wherein an Fe-Ni diffusion layer arid. a sc..,fLened N |ayer

formed. en gherdql "'\!Eoﬂhécﬁ%ﬁ%elﬁé/ﬁﬁlacﬁffﬂ%f@@ 1&3?& @ surface of a
st eel . sheet corresr ding to an ou.tef surface of the battery cat, a

sem - brightc N QE@E‘hB%ﬂ ayenil-g1hereer dot: thersoht epedN | ayeren Al coati ng

wei ght of the diffusion -iayer and the softened. Ni|l ayer forned on

the H e-Njeghi tiushondnByeyriighseti rsmabler thanna Nmeoating.o wepiht of the
Ni plating | ayer, average roughness Ra of the sem -tyciphtN . plating

| ayer.. seasukeshdhysa thaceablie arolighiinessa gayiee e Qov AherNivmseatadad 2. 0: 17.

or less, a. mazinmunhe ht Ry .,,ye.a.:.Yc'red by the traceabl e roughness

gauge i sl8psr orthamiteaandn 20pmther Feess, daftusuof aceyarouwghhesstRedl of a

surface of the c3em-1 Ni. olet-ina lay: in an area of 2,5mm x 2.5p. m which

i s obt aiMednyyuran odt ohiecE¢ e ¢ edinf Troisvope ferakingl the, rediysaatlange fro7. 5

to 22nm Further, according to an. enbodi nent 2 of the present

I nventi o tienehéliyprlaAed phace tirmsteen ‘she&e-Njodiéfbaﬂperljawn) havi ng

excellent press formabiliLLy in the a. reucmentioned (1) , Ni

ccm - Li ng wei ghtiréfctrhe MR e Ctﬁcfl—fﬂtﬁsifor? I @warﬁ@etn@twt%@mw L ayer

formed. on. the F,e-N diffusion. is5to a% U, and the NJ. coating

wei ght . SFSEhesserm Mrirgitad saeeéf |S %\ﬁerr Ps PRI Fﬁrbf oA TACYF@. an

litre anbodl m:ms of, the present. invention are_ e ineC. in detail.

herei naf @i L | 3151@( g@lyesfhéét SotRgal Py 2 Sﬁ%ﬁﬁ{ bBnS &P G AT ki | 1 ed

hot-roll ed coi sano in S he.etofaNi--p .1 .a. t e

ot o0l e9eeollonds S @ 5,2 G.02 SBOLLOL N ol 2 hov el of e C 7 i ow

car bon s&e_elI \Ahéchlgogt ai (ns 0.003 wei %htoo Xe] hIteesns of c. art or_a coil

which is FI% of % on ﬁl“ﬁqu 2i Y ~19 0 g(e h Chaou a r.

t st th
ort resngg‘%m‘h%ﬁc%ér B s%t 53 e?% PP, by 2 @l?%g sighanipm Lo, the
A pretreaimnt he,dofc s NI g kAl 0o sud gy o §3a561&@Xbﬁ%5fe' in )t

ol : meo on a rtace ot st ee eet 1Is

removed. 5 by ﬁfrrmoYc lQ‘sQ e!aﬁ&ti@é Wl G- fi'seQE}lﬁUbQ zﬁ’éréla‘%ﬁd“'l@%mb&ér' nEBLSsion to
tne coid -ro i "sheet using Et 1" K.ali.. solution cant a

ining catigo Sle%u%% a neiplagent st&ef, sheder 4 ft%ascciaulgewleigh@f@fe@lhet he
steet. sheet is rolled to a product thick.ness in a cold-rC | Lind step-

<Anneal i ngi diffusionAfie&rria) bingeiyl/mthircheadbesesiitond hecsieehgsheet in
rolling in cleaned by electrolytic: cleaning, the steel sheet is annealed
Anneal i nge iyt be bee Ni-gplat @ed apy recdhes i onegofh€omighicenndal aseanneali ng

and Pas an.neali.n.,” and is fl. Ot liailted speC|f| cally. After annealing
is applied tthe Bb&l&be‘ébh$hﬁe.ﬁ’l,g agshapes df. 1 he Qt)geln sheetrris 5710 d <Ni
pl ati ng>

Prior Art Document

Patent Document

[0004]

Patent document 1: Japanese Patent 4051012

Patent document 2: Japanese Patent 4051021

SUMMARY OF THE INVENTION

PROBLEMS THAT THE INVENTION IS TO SOLVE



Ne::.,:-.1:, N lating is applied to the steel sheet. In c;
eneral, alt liou.,g h. a N sill f at.e bath. which is referred to as a
watt ba.th is mainly used. as a N pla.ting bath"- besides thesulfate,:
bath, a NI 5..:uirananmte pi:at:int] bath, a tlwartioorete plating bath; a
chii_or ide bath. or tine like can .be used , Acoat:Mt; ',,vel.ght or.
Ni . plating in performng plating using these bathes is not specitically
Iin‘ited.[d—g ver, a Ni. coating weight is preferably set to 5 to in a case

where tne N ." coatingweight is: |ess than when heat diffusion. treatment is
perforned, a Neclayer Woieh isssoft enedntsobt ensdd «tayen)vi-snated or med
andt hewhol e | ayer becones the -Ni diffusion |ayer and hence, the steel

sheet begones sdisadvans Ageoss iMpheERs @ cEREROSI10ANndresiast BRE&:ime
On the other hand, the reason the Ni. coating weight. is

set t 03gidwnk es§iastopreventatl £l dre-1ssofd pes s e-1Ngdiitf dish o elsayerqg frcom

becom ng Larger tnan necessary in an a.nnealing step, That is,
t here eHist & aubendencyihha zirawhen sadd, coatitngewebght gofie tdiecdid:f usi on
| ayer is large, a thickness of the Fe Ni.- diffusion |ayer is usually

i ncreaseth a1t eirfFedd foffusi oatlcayer checonesehander 1 ¢ haane het sdfdrened Ni .
| ayer hr a iron base inaterial bjyr annealing, 11\ccordingly, when the
ife-N dififousi ohukayeritmadsg aot direkinesss |arrgerritiveanh thecessaryyist f or med,
cracks are generated in the Fe diffusion |layer at the tine of formng a
battery @drd eadln to the exposure of the iron base material. thus
adversel . influericing 1111710 CarrCSI OXI re51. 5ti anCe,

Filiither, WiedDE AresSENfi CRVESS it e BreaeN™eds 153 M USITCE2A15YSYer is
large, in. press-formng a baltery can, .a. load for working' a thick: and.
hard. pi®EEN i1 betomEeret. @39satrySard KEREET &1 odtf dppt e to a 1:i
rold. thusri.se to a possibilit,.thatwear _on the lrfd i s induced.

Wth reslﬁb"fﬁmijoorélté?cprr(?vilglesac%hﬂ?f?%’ﬁg Efib‘?en]acsg‘lﬁerr%p g a®ptat: ihg "¢

e i cknessf case ....rriere.a typi.cal_war_t. bath |ls used |Is expie
o d. i rithT SEaE&L SR EIasI FrFBER- 1T C &l Reeta he B T agti P Undier 1o

el ectrol ysi s _condi ti e . : C b -0 010150
200 0 SE0gTF oof ACRAr e Farar 20 LS BOgH e hie sl SERI O de. and 20
to 50g/ f%;p-% [ P f 3.6 to 4..6 and has a bath tenperatnre
oi 50 ttO% , ciurg(%gﬁée(}%n%lté ié}rg'et to 5 to 50-Altfra2 and the nrnter of
ccruloffL is set to approximately 170 to 15(I Cci dnR. Eir:die,
besides matte Ni pla-ittng wt.:canme an ofl-janic conpourid isnotaddedtoa
pl atiri ghatihe. Zoeit.vhiet Bl tseventi . 0.n, qcnt, Selri -bright plating
where an organi c conpound referred to as |eveling agent which nakes a
preci pitpd@sbcrystal. surface of a plating. |layer snooth. is added. to a
plathfrig bath, and. bright -' plating where an organi c conpound | ahich
contai ns sul fur(igormpopeateheorimakitign as pliakidtegl t b ayar-dirdtght s bye raki ng
the NI plating crystal structure. fine with the further addition of. a
"cyclinglagentfdean lptatd ny claoatdnaiey ranedl letHowevess Nopnalbihgty,

whi chi sror medusi ngabacl nirher eanor gani . cconpounkl cont | ai ni ho a sul fur
conponentheés=added to the bath is not preferabl.e as Ni plating. of the
present. invention_ This is because, in. thermal diffusion

treat ment whi clof 6EFBWSANE £ip$ avh nigh vaisr andertsosteped it epyesd. fatnedr

contai ni ng conpound intrades into a platino |ayer and hence, britt|ehess

i sca. dsed! afee, FR-Bi | el e s theemrgar eht e THed ddt Ai draf# FF gvaf Foesl
properties such as corrosion. resistance., ;00131 <D ffusion> Next, heat
treat. nettelorCPor iR @l Fe- 7 i . PHURT ohUr F&Cher f of MedPaf teFY NP2t at i ng,
This heat treatnent is gr ovided for in reasi,nsg adhesi ven%%s bgt Wee%;l base
steel and a pl & PRGITAYEPD T Thie PREAt "Er Y RentS 4PSBFor e "8 ERENFGFt tusi on

| ayer, al\?fl iaeﬁ%/gs a softened N plating |layer on the Fe-N diffusion

a Ni coating weight of the Fe-Ni diffusion layer and the

softened Ni layer formed on the Fe-Ni diffusion layer is set



As a nethod for diffusins Ni by heat treatnent, a nethod which .uses a
conti nuous annealing 1, 1rnace or a nethod i,,, Thich uses a box-Ilike

anneal ing furnace is naned. in the nmethod which uses tne conti.nuous
annealing .flirnace, usua m_ diffusion tenperature which falls within a
range from 600C to 700C and Ni diffusion time which falls within a range
from 30 seconds to 120 seconds are used in Usual N diffusion, by heating,
An anneal gy at MOSphBre; may, 06, a,29 ﬁqxa;e"a?é JeN R OhSCHit Ve £S: @ mospher e
or a reduction protective gas atnosphere. I'n the present
invention,y@s a heat treatnent nmethod by box "annealing, preferably used is
the heat treatnent which uses a protective gas con.si sting of |P% of.
hydrogen and 25%<06f; i Eéu?ﬁﬁ@ssmaodﬁcﬁde bymanpanaanig enack ngethod-ref erred
to as hydrogen rich annealing with favorable heat. transfer. In this

met hod, fayverabd &y unit e ddlpl.d ¥ RigHRMRE ghdlje e di stuhi BUth®he i $nd
acgilireci in the inside of a steel stripin the lonitudinal. direction. as
wel | as 2 nojidhes midduy se diar ectdiemrohetibB@tskeebrstre psand-henge; whe nmet hod
has an advant ageous effect that the i=eqularities in the Fe-N . diffusion.

l ayer imnpldneindiSiader atastbedshPelhestirbpeablbbeodghiegslcnidd ¢s bt he

Fe-Ni diffusion |ayer between steel strips can be decreased. [0014] <Tenper
roiling>r more aft&rpdiof fusson dmeat ment, the steel sheet. is rolled by
tenper rolling sP, that nechanical. properties are inparted to the steel
sheet, and the SSurffaace reeyghngmress’ oP It ResNEfpFat PAgthayzemwPetdtorns S
0.17 face becom ng en outer surface of a can is adjusted to a

pr edet erli meldit irsudhnessinTie amsmpart Poblinng 4 soperhochedsstletethed aver age
roughness Re obt ai ned - a traceabl e roughness gauge becones 1.0vm or nore
and 2, OB Tt HGRELC FRFE MLGEARAIRS gt L8 J boconss  2pRfof TRBr & Ed 20pm
or. less. This is because by aThiLsting the average roughness Na and the
maxi mum fei’ght Ely within such ranges, it is possible to set the average

h R t i1 hei ght, El fter: di -pl ati i t hi
b edet or i ned T @nges, (RN BRaT BRat RS 51 ceor Chr gt LN porairpeed MM
P Tl g LS 1, L ACES T LIRSS Py L0y DT REPLRGT DRE T HODDSREEYORETET
| at i . bej i : fac .
o S LA B eRE R s LB plemeon.
sem - brighto platd ng ethectdoeg: nol  appearnand,henceresiifickent; press

formab-i 1”1ty cannot. be acquLnEK1- Further, there exists a possibility
that scraighes; are cgepgrat edion @havalil ofata Rattepytcan oemsehzugeti S
generated on a. nold. The reason an N coating weight. of the Fe

-Ndi fusienat ayeri ansgethe s@rhenedmdirel.ayer fornmed on the Re-N  diffusion
| ayer asset smallerth,anan Ni coatingweightc:ihem -bright Ne plating |ayer
i s that AptrerFeadiovdi ffosiDR. oF ayer foveediby annealing- is hard so that
there exists a possibility that cracks are generatedilithe Fe

-Ni di ffus)xoi ayeratthe time of form ng

abat t hrycanl eadi hgt ot heezposur eof i renbax. Rurl ateri al wherety there exists a
possi bi ity thaflheher comroshoant i esicstnanoey 1&: advierdeltydi sifdalentedt
Accordingly, it is necessary to form by re-plating, the Ni. layer having a
t hi cknessoeguain tovorg fbeerdran entt hreknéognaoitlié vréridje prasenELlNPever

f or medbvanneal i ncj, [001l. 6] <Average roughness Na after re -plating>.

It is priteradierdiol Seto hvisiafe roughitedsioNg carter 1r8- pifafPhnguets 190 to
2"0pm' The reason i5 that wheel average roughness Pa is |less than 1,0pm a.
space bet weeh® a@stee? . CEhrett aharma#of 4¢ PAtbSWKI €AMa. | ubricant. enters
at the tiqg o% gress-fornin becones snall and hence, scratches and sel sure
are |iable?t ot De ReFIetAY edlt gthe Inventenheoi j =hand,

mhena.veL ﬁigoughnessRaez.ceedsZ"Cpn1 t he generation of powder particles
from ro @% s rolls in a surface roughening step is largely increased
thus indacing qualify-, defects g 8Qi%§enge{“osf %%%Sg‘}e*%%n@}ﬂﬂ%ng% icles.
Accordi ngly, average réhg ness Pa exceeding.” Z,4.Smis not desirable froma
Vi ewpol n’EheJ% itsgﬁm%‘gcﬁgw.r—?l'ated steel FQeRLEMANL btatﬁ%eg?/r’@a(rﬁﬂéﬁﬁnﬁf
scratches and, seizure, It is necessary to inpregnate a Farge anount. of
Lubricant between E.E ;E?tira '3. 3y cones int. 0 Car3333.313 with the die
wi |l becor. 5



a bottomportion sf a battery can, and as the bottomportion is In.-ardiy
we-fl HaE: d, roagl anss of the steel sheet remains. Ar..ordingiy, by Setting
aver age roughness ha atter re-plating to 1.0 to 2,0nm it is possible Lc-
apply an anount or. lubricant which can pfev,,ni- the cjenerat-inn of
scratches on a wail of a battery can or the generation ot seizure t.o a
nol e tea surface ot the steel. sheet, 10017; <Ma Xl MUTO hei ght Py>
In this [ , r 1004 ' _aft = ti is al so
%{H)e(ay Dl RN 31 2005011 TBY) TR el 0al, pY_RELEL ¢ £ s PLAtING)

defined b e substantially same reasc I ning average roughness Ra.

That is,; M Lhsrespect (1i01Lhesurface Jougbnessy; endenay, Whhgbris-c
substantially equal to teridency observed with respect to aric.,...rage

roughness, ddai $8 Ls@,obsesr vedwit Bef espect do the Jmxinguabhen ghit kdv and
hence, it is pre ferabl e rose:: the maxi mrum height Py to a val ue which
falls wididviih@e rangecf 59M 6rP ¢on 20pmenil-itmeHreasoplat ohgCkiyai nd n g an
upper It and a lower Iimt ot then a nge of cs.Laximufri height Ry is
as sane fasrmdeoneasoposetntamntihlieneeohy nncfdaomnng trbiguerageheaughness Pa.
Rs the reason for such set tlirag, it is thought that when h(E. = x

11. 3TCL3R theu13i g ;ljaylerP¥h8 tioe: Ssf tdaed 3] iQdrayera fopaee whiche iRe-del f ned
bet ween a steel sheet and a Tarad and into which |lubricant enters at the
tinc: ofdifpnesisimgayecomesssinadnal @y thenofhéer dvertdnd tieiightomsitder ed t hat
when the mahi naca height: Ry exceeds 20m ny the uneveness of the surface
of a Fe-Nmididfimitonl apertbabore viee- plats mipd srPagigecsd Rhatofa fgossibility
that: an iron base material which forns a substrate bel ow the Fe-N all oy
| ayer i sS8¥pdsielis Niineteabed, | sAccordragryd the raxrRafReigHNRSS
exceeding 20mis not preferable froma viewpoint of ensuring the corrosion
resi st artel@f ltche -Steepr Bheetand 018" <Defliegisti ensasinpg, b ysht Ry
Definitions of the average roughness Pa and the naxi mum hei ght Ry are
descri bétEa§ired 13 SE306OLCEP0E TANGIPRIES §R4AGard SHBUPH ' &%t enced
with respect to the detail ct_the definition

i ndi | 4B L 1994719 1 et | TEViEt Hy r'GUGHHESERat @ soF 6f 671 e T s “Hver age
roughness Pa" in this specification), is defined n arjthneti.c average
hei ght of°™ PYughheds BEﬁgéngnﬁaYﬁraHléﬁbﬁéaé Qgﬁiéﬁg?xa sotltd Vat ue

devi ati o r ve | t , i ight Ry is
defi nedolan% Ofgt%(raﬂln%% BYi%r?%%ot le%e FS\%re nlgg%gﬁgc:?é?%?fr}adlpla%twm F&%%}hﬁ per nost
top partefor Efavi%yzjrg{_erence 1 e sough e S curve" is a curve obtained

thi 2iugh an el (:,,ctric: iii ter and is a curve obtained by renmoving i OW
frequency CO”DQ%Q%%%rh”d%daﬁ&ﬁ%%ﬁxﬁkﬁﬁ%m%%HiMéHb ahen @ @hecd i C
traceabl e roughness gauge is us&, | 0 0 1.. 91 <Measuring nethod of Ray
Ry> invent MBasuhig: MethodscafsiPas] Rycarersot speecdfi eahl iyadindg t ect
provi ded that a roughness neter adopting a traceabl e surface roughness
measur i ngkdeet otk ics cuseto rifapeasuy erenhedevbce-ment based ©n t needescri ption
of J15-130651 2001, particub,, y specified t.n respect tr, the

3T: east :ddax ingy meigHthads tewexceptiit ar fTht4 obhaf a ySUDENE] teatsoStdesd Ol 1 | ed
tieirig the tree eable surtace roughness . nmeas-urenent device wn.i.c.n. :Ls
cacr Lr 2naedeiyeus fongedaon efrer Eredishietf st e Imeasurienénto ifs /pér forded as
rdilows in tnis enbodi nent. One eXePaple St MeaSafi SO MJtbGQd is

desc. r].thded apatand ewsght of the semi-bright Ni plating layer is

8g/m® or more.
The embodiments of the present invention are explained
in detail hereinafter.
[0009]
<Steel sheet>

Usually, a low carbon aluminum-killed hot-rolled coil



As the MeeSUr erne:int deviceatraceabJde surface .rouchness neasurenent
device (surfcomseries) ..mde Cy TOKYO SEILM T: 311 CO 121D. is used,.

JIS 94 is adopted as the neasuring condition-That is, the nea.surenr,'rst
is .pe:ncnicined unoier the condi tiOllS wiere Eltlev 1.u..9i:.;
.ortapusutiuct speed: 0 " 4nra,./ seC, cmt.-offl.0am a kind of a filter:
Gaussi an; a ineasurinci range:gradient correcti.on stralght, ancla ou.t-ott

ratio: ;gyusedas orl ﬁ?\{ngﬁgeg % ; g—?ﬂ%@éd%@cé@ldsﬂg@t r aa], MM hei ght

Ri st depend on ro ebs an irq ‘Load in a tenper roiling

step, 5 coil wﬂ]@hlﬁggﬁérﬁgg rel kxtechegones,, %@%bb%r%%%eqh%ﬂﬁgﬂgnness ot
the plated steel sheet to be roi.led by tanper rcil.23. rills" becones,

while t. &Bhtdfﬁéﬂﬂ.dD@ew%QPhh%gokC@@sstB@ chargel drhe coil which is
ruughnessof anout el =ost sur faceof apl at edst eal s: neet becones, it _Ls
possi bl edmheadydsion-Ehe ngougnnessoof chbBeGkedl, mﬁ&ﬁf@&hh.récﬂlbﬁ/@ﬂii@fg t he

pl ated steel sheet by a'.-Husting the rolling roughness and the rolling

| oad, niobium ahd s ienbed tentxtrelles yused ¢arbdenperelr okligwgl.are not
spec.itically limted, and EDT rolls can also be used 1:,eside5 shot: dull
rolls. THetlGls, t:kte roils tor femper rolling are not Spec f ically
limted provided -Lbat a nethod where the roughness fails within a range
cal | ed fGirdtre@taiars: it fadoptedit @t her, t crape": rolling facilit y is of
a-Glas 1 type and is not spe cifinally ed By al so defi ni ng the surface
roughness of sémmtmiatnmné;tkp%omw@l@équ ngswmlehosé@maéesmxﬁea
roughness of the steel. sheet. obt.ained roilin is possible to
prevent tiH&géRerasicvne @I‘l@é‘%%ﬁé‘sc%d %OJg\Jaqui s§fe S}E:%ﬁ’\t 18- YTHY Gener at i on
of seizure to_a nold % 11 sem - bright. Iatln

char act &t zed H;}nﬂo?;l’r? Eralﬁ’éﬂae?l?aﬂ%%?ﬁ éﬂjrelaﬁllél Pn‘:{g ml}‘%sg?rhé}o Sr g
[Da tl(r}q} f aéacte ized int Et oXi atlon %dvances sIovM%/

conpar e Yght EF%‘? HG LENF D B ]el SP 8 ¢ont-adt aﬁé&“@tcﬁﬁsejl not

i ncr eased hus. pr event| t| ni froma (glver selé/ f | uenci ng

battery Tar act er 'Sty ggﬁ%Corélggng %ers*na |g?1trepIP%Y| ng i's suﬁa le for
acqui ri Q{]EspJéSﬁ?&QJ({f%bbk'g&xﬁ%“E’h Ju?éé’ q{"argfgis F811£80 Aéwgasured by

pref erab et sur ughnessa |ng

an atom R)d‘ rce m croscope. Al t huL| gh t sH H3 al soanet hodwhi cho
IS serve s: such surfaoe. roughness by an electron m croscope, it is

di fficuldaforsangl ectron mcroscope to express the surface roughness with
nunerical values 1n view of irregularities and accuracy in nmeasurenent. The
measur enent. uairRgrarbracegbbeir gughnessngadge-ortde LASEr IMLLOSGOpe Ls
al so difricuLt roma viewpoint at accuracy in neasurenent.

Accordi F@Ml@rifsaeeera@e@hagselefﬂtem?eﬁ'b- brieghtnlli phaténgel ssmeasur ed
using an atom c force m croscope (surface roughness neasured using the
atom ¢ fior cemmaxra@scope being referred to as "surface roughness Ra'"), and
surface roughness Pa! of sem -bright plating is set toava.lue which falls
w t hin a range2hneml i5gt 0a22nn o £ @rsant frace ioheaxr seri obreghtimplats ng film
havi ng an. area of 2.5pnx2. 5pxl|. When surface roughness Pa' exceeds
22nm saratecheisi@aread babl enteabengererdatiednott aimaktdofpacthihcorlsei zure is
liable to be generated on a nold. On the other hand, when surface roughness
Pa/ is Srdldernisan i0umist hepelect i ctiresistahcdastt an Npapkaff ngid il m due
to oxidizatipn of the N plating filmis increased thus |owering battery
char act effigstli cg1eAccor d@%gll@le%urface roughness Pa' having such values is
not pref [eoroalbzl]e.

<Ni plating>
Next, Ni plating is applied to the steel sheet.

In general, although a Ni sulfate bath which is referred

to as a watt bath is mainly used as a Ni plating bath, besides



[ 00221 <Form ng of battery can> Next, a battery can is formed using
a Ni-plated steel sheet of this enbodi nent. Al t hough a size of the
battery can. is not soeclflcallv Iimted, AA AAA are main sizes used.

A nmethod of formng a oat t r "y7 can is formng by drawing. A press liquid
of low viscosity or water-soluble .a.nulsion is used as a press
lubrication:material. ANL-plated steel. sheet is forned into a. drawn cup

ina fifst  step and. phher eaft: eéulfg&ﬁat&walt%ng%wp $Of Aot Qo have: a

dianet.er of a battery. can throu. kgh drawmng in three to six stages in

total, and:{heyGuRN,S: EanBeddent o orbald ef ¥eCam bRrougn fartheriiour
st ages. AS a press formng con.aition, the battery can is

f. orm ad,sugh: tdvatti a1khigknessoof f & katy \@mdt:glrga@tshulgl Lyebecosmeseequal in
the c.j.irection towart an. Opz-rnirlcz par t. the bat. cry can an. which

a negative rpol epeap fisamoynt edifteam aHbotton (Posi tiowe ipol ectenniimal part)
of the battery. can As a material of the nold usea for such press
f or m ng, pﬁéf&fﬁﬁﬂbf&ﬁtiEﬂlbyt¢s8pﬁ%ferably used. However,- thenumiterial of
the nold is not specifically limted in this effixxiinent, ff aterlals
described in Tabl e dazamhbecused Ni TabkéngJvCeltit lis. 1eME ar932/m’,
lc.icd4":C 049440 3 i 40; z ' c. TT 9241C-Mo. 14.0 'sthsci ' 96 '3:42 2
" when heat diffusion treatment is performed, a Ni layer which
is softened (softened Ni layer) is not formed and the whole layer
becomes the Fe-Ni diffusion layer and hence, the steel sheet
becomes disadvantageous in terms of corrosion resistance.
On the other hand, the reason the Ni coating weight is
set to8g/m’orlessistopreventathicknessof the Fe-Nidiffusion
layer from becoming larger than necessary in an annealing step.
That is, there exists a tendency that when a Ni coating
weight of the Fe-Ni diffusion layer is large, a thickness of
the Fe-Ni diffusion layer is usually increased, and the Fe-Ni
diffusion layer becomes harder than the softened Ni layer or
a iron base material by annealing. Accordingly, when the Fe-Ni
diffusion layer having a thickness larger than necessary is
formed, cracks are generated in the Fe-Ni diffusion layer at
the time of forming a battery can leading to the exposure of
the iron base material thus adversely influencing the corrosion
resistance.
Further, when the thickness of the Fe-Ni diffusion layer
is large, 1in press-forming a battery can, a load for working

a thick and hard plated film becomes necessary and hence, a load

is applied to a mold thus giving rise to a possibility that wear



2.3, s"s, GPs 4, , 4, 6 S4 Soul-1.s" s (Si's 000 530 040 314
tharp.,57-- caav:u.ca: 9,2 0.2 2:5"1 <c.lassi.f led in tw kinds of
"lubricants h.avi.ng |l ow concentration, thata. 1, abricant.

wat er - sol ubl e- enul sion-type lutticant. As the mneral-oil.-baseti
| ubricant, a lubricant having | ow viscositv where kinematic viscosity
(40""2) is 407.-mrY/s less is used. The reason the |ubricant having | ow

vi scosi ty, i elﬁq? IS that, cleaning with a neutral surface active agent can
be perfornmed without requiring an organic soivent or alkali O-Lc:at-ling in

a cleaning step;ati 1€X4o-E0FLt L1 DEE 81 DALt &Yy CaMo@Ndr fience, fi Lihgy
| ubricant. works extrenely 5|gn|f|cantYy internms of an environnental |oad
as well A8id PSing thickness, a case where a typical watt bath is used
isexplained. Inthiscase, theplatingthicknesscanbeacquired
under the electrolysis conditions where a bath has the bath
composition containing 200 to 350g/L of nickel sulfate, 20 to
50g/L of nickel chloride and 20 to 50g/L of boric acid, has pH
of 3.6 to 4.6 and has a bath temperature of 50 to 65°C, current
density is set to 5 to SOA/dHP and the number of coulomb is set
to approximately 170 to 1500c/dm”.

Here, besides matte Ni plating where an organic compound
is not added to a plating bath except for a pit prevention agent,
semi-bright plating where an organic compound referred to as
leveling agent which makes a precipitated crystal surface of
a plating layer smooth is added to a plating bath, and bright
Ni plating where an organic compound which contains sulfur
component for making a plating layer bright by making the Ni
plating crystal structure fine with the further addition of a
leveling agent to a plating bath are named. However, Ni plating
which is formed using a bath where an organic compound containing
a sulfur component is added to the bath is not preferable as
Ni plating of the present invention.

This 1s because, in thermal diffusion treatment which
follows Ni plating as a next step after, a sulfur containing
compound intrudes into a plating layer and hence, brittleness
iscausedat the time of heat treatment thusdeterioratingvarious

properties such as corrosion resistance.



Tt

is also possible to add a slight anmeunt of additive such as.

. mdl ybdendm

to the Itior-.Lcant,td.i.s enbodi nent, the condi t ionsthe |ubricant.
having LONs required to satisfy. are listed. in Table 2, [00251 [ Table 2]

[0013]

<Diffusion>

Next, heat treatment for forming a Fe-Ni diffusion layer

is performed after Ni plating. This heat treatment is provided

for increasing adhesiveness between base steel and a plating

layer. The heat treatment also forms a Fe-Ni diffusion layer,

and leaves a softened Ni plating layer on the Fe-Ni diffusion

layer.

As a method for diffusing Ni by heat treatment, a method

which uses a continuous annealing furnace or a method which uses

a box-1like annealing furnace is named. In the method which uses

the continuous annealing furnace, usually, a Ni diffusion

temperature which falls within a range from 600°C to 700°C and

a N1 diffusion time which falls within a range from 30 seconds

to 120 seconds are used in usual Ni diffusion by heating.

An

annealing atmosphere may be a non-oxidization protective gas

atmosphere or a reduction protective gas atmosphere.

In the present invention, as a heat treatment method by

box annealing, preferably used is the heat treatment which uses

aprotective gas consistingof 75% of hydrogen and 25% of nitrogen

produced by an ammonia crack method referred to as hydrogen rich

annealing with favorable heat transfer. In this method,

favorable uniformity of temperature distribution is acquired

in the inside of a steel strip in the longitudinal direction

as well as in the widthwise direction of the steel strip and

hence, the method has an advantageous effect that the

irregularities in the Fe-Ni diffusion layer in the inside of

10
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the steel strip or the irregularities in the Fe-Ni diffusion
layer between steel strips can be decreased.

[0014]

<Temper rolling>

After diffusion treatment, the steel sheet is rolled by
temper rolling so that mechanical properties are imparted to
the steel sheet, and the surface roughness of the Ni plating
layer which forms a surface becoming an outer surface of a can
is adjusted to a predetermined roughness. The temper rolling
is performed such that average roughness Ra obtained by a
traceable roughness gauge becomes 1.0pum or more and 2.0pum or
less, and a maximum height Ry becomes Sum or more and 20pm or
less. This is because by adjusting the average roughness Ra
and the maximum height Ry within such ranges, it is possible
to set the average roughness Ra and the maximum height Ry after
succeeding re-plating within predetermined ranges.

[0015]
<Re-plating of semi-bright Ni plating>

After adjusting surface roughness to predetermined
roughness by temper rolling, semi-bright Ni plating of 8g/m®
or more is applied to the Ni plating layer being a surface which
will become an outer surface of a can.

When a coating weight of semi-bright plating is less than
8g/HF, a semi-bright plating effect does not appear and hence,
sufficient press formability cannot be acquired. Further,
there exists a possibility that scratches are generated on a

wall of a battery can or seizure is generated on a mold.

11
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The reason an Ni coating weight of the Fe-Ni diffusion
layer and the softened Ni layer formed on the Fe-Ni diffusion
layer is set smaller than an Ni coating weight of the semi-bright
Ni plating layer is that the Fe-Ni diffusion layer formed by
annealing is hard so that there exists a possibility that cracks
are generated in the Fe-Ni diffusion layer at the time of forming
abatterycanleadingtotheexposureof ironbasematerial whereby
there exists a possibility that the corrosion resistance is
adversely influenced. Accordingly, it is necessary to form,
by re-plating, the Ni layer having a thickness equal to or more
thanathicknessof the Fe-Nidiffusionlayer formedbyannealing.
[0016]
<Average roughness Ra after re-plating>

It is preferable to set average roughness Ra after
re-plating to 1.0 to 2.0um. The reason is that when average
roughness Ra is less than 1.0pum, a space between a steel sheet
and a mold into which a lubricant enters at the time of
press-forming becomes small and hence, scratches and seizure
are liable to be generated.

Ontheotherhand, whenaverage roughness Raexceeds 2.0um,
the generation of powder particles from roughness rolls in a
surface roughening step is largely increased thus inducing
gquality defects such as dents caused by powder particles.
Accordingly, average roughness Ra exceeding 2.0pm 1is not
desirable from a viewpoint of the manufacture.

To prevent the generation of scratches and seizure, it

is necessary to impregnate a large amount of lubricant between

12
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a die of amold and a steel sheet. That is, a portion of a steel
sheet which firstly comes into contact with the die will become
a bottom portion of a battery can, and as the bottom portion
is hardly worked, roughness of the steel sheet remains.
Accordingly, by setting average roughness Ra after re-plating
to 1.0 to 2.0um, it is possible to apply an amount of lubricant
which can prevent the generation of scratches on a wall of a
battery can or the generation of seizure to a mold to a surface
of the steel sheet.

[0017]

<Maximum height Ry>

In this embodiment, a range of maximum height Ry after
re-plating is also defined by the substantially same reason for
defining average roughness Ra. That is, with respect to the
surface roughness, tendency which is substantially equal to
tendency observed with respect to average roughness Ra i1s also
observed with respect to the maximum height Ry and hence, it
is preferable to set the maximum height Ry to a value which falls
within a range from 5.0 to 20um.

The reason for defining an upper limit and a lower limit
of the range of maximum height Ry is as same as the reason set
forth in conjunction with average roughness Ra.

As the reason for such setting, it is thought that when
the maximum height Ry is less than 5.0um, a space which is defined
between a steel sheet and a mold and into which lubricant enters
at the time of pressing becomes small.

On the other hand, it is considered that when the maximum

13
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height Ry exceeds 20um, the uneveness of the surface of a Fe-Ni
diffusion layer before re-plating is large so that a possibility
that an iron base material which forms a substrate below the
Fe-Ni alloy layer is exposed is increased. Accordingly, the
maximum height Ry exceeding 20um is not preferable from a
viewpoint of ensuring the corrosion resistance of the steel
sheet.
[0018]
<Definitions of Ra, Ry>

Definitions of the average roughness Ra and the maximum
height Ry are described in JIS B0601-1994, and this standard
shouldbe referencedwithrespect tothedetail of thedefinition.
InJISB0601-1994, arithmeticaverage roughnessRa (alsoreferred
to as “average roughness Ra” in this specification) is defined
as an arithmetic average height of a roughness curve and is an
average value of absolute value deviations from an average line.
On the other hand, a maximum height Ry is defined as a height
from the lowermost bottom part to the uppermost top part for
every reference length. “Roughness curve” is a curve obtained
through an electric filter, and is a curve obtained by removing
low frequency components in a curve in cross section when an
electric traceable roughness gauge is used.
[0019]
<Measuring method of Ra, Ry>

Measuring methods of Ra, Ry are not specifically limited
provided that a roughness meter adopting a traceable surface

roughness measuring method is used. A measurement device is

14



based on the description of JIS-B0651-2001.

Although no other conditions are particularly specified
with respect tothemeasuringmethods except for that measurement
is performed using the traceable surface roughness measurement
device which 1is calibrated using a reference sheet, the
measurement 1is performed as follows in this embodiment.

One example of measuring method is described as follows.

As the measurement device, a traceable surface roughness
measurement device (surfcom series) made by TOKYO SEIMITSU CO.,
LTD. is used. JIS’ 94 is adopted as the measuring condition.
That is, the measurement is performed under the conditions where
an evaluation length: 5mm, a measuring speed: 0.4mm/sec, a
cut-off value: 1.0mm, a kind of a filter: Gaussian, a measuring
range: £50um, gradient correction: straight, andacut-offratio:
400.

[0020]

The average roughness Ra and the maximum height Ry depend
on roll roughness and a rolling load in a temper rolling step.

The larger the roll roughness becomes, the larger the
roughness of the plated steel sheet tobe rolledby temper rolling
becomes, while the larger the rolling load, the larger the
roughnessof anoutermost surfaceof aplatedsteel sheet becomes.

It is possible to adjust the roughness of the outermost
surface of the plated steel sheet by adjusting the rolling
roughness and the rolling load.

In this embodiment, rolls used for temper rolling are

not specifically limited, and EDT rolls can also be used besides

15



shot dull rolls. That is, the rolls for temper rolling are not
specifically limited provided that a method where the roughness
falls within a range called for in Claims is adopted. Further,
atemperrollingfacilityisofausual typeandisnotspecifically
limited.

By also defining the surface roughness of semi-bright
Ni plating while defining macroscopic surface roughness of the
steel sheet obtained by rolling, it is possible to prevent the
generation of scratches on a wall of a can or the generation
of seizure to a mold.
[0021]

semi-bright plating is characterized by forming a harder
filmthanmatte Ni plating. Further semi-bright platingisalso
characterized in that oxidization advances slowly compared to
bright Ni plating and hence, the contact resistance is not
increased thus preventing semi-bright plating from adversely
influencing battery characteristics. Accordingly,
semi-bright plating is suitable for acquiring both press
formability and battery characteristics.

It ispreferable that surface roughness after semi-bright
Ni plating be measured by an atomic force microscope.

Althoughthereisalsoamethodwhichobserves suchsurface
roughness by an electron microscope, it is difficult for an
electron microscope to express the surface roughness with
numerical values in view of irreqularities and accuracy in
measurement.

The measurement using a traceable roughness gauge or a

16



laser microscope is also difficult from a viewpoint of accuracy
in measurement.

Accordingly, surface roughness after semi-bright Ni
plating is measured using an atomic force microscope (surface
roughness measured using the atomic force microscope being
referred to as “surface roughness Ra’’), and surface roughness
Ra’ of semi-bright plating is set to a value which falls within
a range from 5 to 22nm on a surface of a semi-bright plating
film having an area of 2.5umxZ2.5pm.

When surface roughness Ra’ exceeds 22nm, scratches are
liable to be generated on a wall of a can or seizure is liable
to be generated on a mold. On the other hand, when surface
roughness Ra’ is smaller than 5nm, the electric resistance of
an Ni plating film due to oxidization of the Ni plating film
is increased thus lowering Dbattery characteristics.
Accordingly, surface roughness Ra’ having such values is not
preferable.

[0022]
<Forming of battery can>

Next, a battery can is formed using a Ni-plated steel
sheet of this embodiment.

Although a size of the battery can is not specifically
limited, AA, AAA are main sizes used.

A method of forming a battery can is forming by drawing.
A press liquid of low viscosity or water-soluble emulsion is
used as a press lubrication material. A Ni-plated steel sheet

is formed into a drawn cup in a first step and, thereafter, the

17



cup is formed so as to have a diameter of a battery can through
drawing in three to six stages in total, and the cup is formed
into a battery can through further four stages.

As a press forming condition, the battery can is formed
such that a thickness of a can wall gradually becomes equal in
the direction toward an opening part of the battery can on which
a negative pole cap 1is mounted from a bottom (positive pole
terminal part) of the battery can.

As a material of the mold used for such press forming,
sintered hard alloy is preferably used. However, the material
of the mold is not specifically limited. In this embodiment,

materials described in Table 1 can be used.

(0023]
[Table 1]
nard resista compressi Young's thermal
kind of o density ness | Bce ve mggugus conductiv
TaEeEi ol composition force strength ity
g/m’ HrA | GPa GPa GPa W/mK
G3 WC-Co 14.7 895 2.6 4.7 579 71
NR8 WC-Ni 14.8 90 2. 22 600 75
NR11 WC-Ni 13.5 90 2.4 4.6 530 63
NM15 WC-N1i 14 86é 2.5 3.5 530 50
RCCL neieTe 14.7| 93 1 3.6 640 70
TM2 Ti-TiC-Mo 5.2 54 0.7 = 250 9.2
I3 Do 1 55508 68 0.5 - 226 9.2
. . 91.

DUX40 TiC-Ni 6.5 5 1.8 3.9 470 29
SiC sicC 3.2 94 0.6 3.5 441 46
Si3Ny SisNy 3.3 92é 1.1 4 314 25.1
[0024]

A lubricant used in general in press forming is roughly

18



0026 | The Waiter -SG libi.e--elt.S1,531041. -type ThibriCalltiStic":
Ecc;.;- tCrt -Pre V;S:71Sei Ziareqe.rieral., and tb.e tol |ow ng
ganposi tion

classified in two kinds of lubricants having low concentration,
that is, a mineral-oil-based lubricant and a
water-soluble-emulsion-type lubricant.

As the mineral-oil-based lubricant, a lubricant having
low viscosity where kinematic viscosity (40°C) is 40mm?/s or
less is used. The reason the lubricant having low viscosity
is used is that cleaning with a neutral surface active agent
can be performed without requiring an organic solvent or alkali
cleaning inacleaning step after forming a battery can and hence,
the lubricant works extremely significantly in terms of an
environmental load as well as a cost.

It is also possible to add a slight amount of additive
such as molybdenum to the lubricant. In this embodiment, the
conditions which the lubricant having low viscosity is required

to satisfy are listed in Table 2.

[0025]
[Table 2]
name of product mlnerallOLl
press oil
density (15°C) g/cm’ 0.89
flash point (COC) °C 190
k%nemaFlc (40°C) mm?/s 30
viscosity
acid value mgKOH/g 1.9
color ASTM L2.5
Corrosion of 100°CX1h la
copper sheet
pour point e -15

[0026]
The water-soluble-emulsion-type lubricant isalubricant

forpreventingseizureingeneral,andthefollowingcomposition

19



exanples are listed. Such a water-soluble-a:mi:3 Li. on-type

| ubricant can use not water in cleaning after manufacturing a can and
hence, cl eaning which takes into account: an environ.nent can be easily
performed w thout using an organic sol vent, <Conposition exanples of
wat er - sol ubl e emul si on> conponent bl endi ngspeci fi c nane ore onponent
rflinerai oil or fatty aeid mneral oil40-50% ester higher

al cohol | 0% 75 but vyl -al coholgsurface--activeani onic or nonionic 5%

agent subf ne -actlve agent: a | kanol am neb5-10%ri et hanol af fi ne

ant"Corr03|Onfﬁﬂﬁﬂéw%@%%rsb%h@@%a%%%l@%@%L&g@%ﬁi@br1cantcankaﬂwég havi ng
t he above-nenti oned canposition is m xed is furthermi with water

until t dd€sram €echhifgtafdtr heeamestdrt gl0%hhiisd preechkaci Nganing

wat er - soLunde eaci |l st Lan. Exanpl es [0028i The present invention is
expl ai nech heti eianafst ent b mdarst nerertdet@aidmatsi pgnexarplses yaner Eormad i son
exanpl es. <Exanpl es> A I ow carbon aluninumlailed steel sheet

havi ng avstieett thylekiaa.obgbnod.s@lve2t5r. mt which i s manufactured
t hrough cold-rolling and annealing is used as an origi nal sheet.
[0027]

<Composition examples of water-soluble emulsion>

component blending specific name of component

] o] o Y mineral oil or fatty acid
ester

higher alcohol 10% t-butyl alcohol

surface-active 5 anionic or nonionic

agent ° surface-active agent

alkanolamine 5-10% triethanolamine

A - ERIRe e 1% benzotriazole

agent

water balance

Liquid having the above-mentioned composition is mixed,
and is furtherdilutedwithwateruntil the concentrationbecomes
2 to 10% thus producing water-soluble emulsion.

Examples
[0028]

The present inventionisexplainedhereinafter in further
detail using examples and comparison examples.
<Examples>

A low carbon aluminum-killed steel sheet having a sheet
thickness of 0.25mm which is manufactured through cold-rolling
and annealing is used as an original sheet.

The composition of a steel sheet which constitutes the

original sheet is as follows.
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The conposition of a steel sheet which constitutes the ordginal sheet. is
as follows, C.: 0,045% M:0,23% Si: 0.02% P: 0.012% 53:

0"009% Al: 0.063% N 0.0036% balance: Fe and inevitable inpurities

The above-nenti oned steel sheet is subjected to alkali electrolytic
cleaning,: and pickling by inners:ion into a sulfur if:. acid and,
thereafter, Ni plating is applied to the steel sheet using a watt. bath
with a Ni coatingoweight.yQf # 19, agind gos p. oAbteE perf@rangg N
plating, curitinuous annealing is perfornmed within a tenperature range from
600C to x00G fay3:3- Q.s€condss t 0,20, secondgnbhusethespal | yndidfusing N in
the N plating layer and Fe in the steel. sheet whereby two | ayers

CC/ MBS s- Li ng ofrntchepbeaNnendi bhusi oncdayaieand st Repsettenedo N1 iayer are
f or med. Next., teraper roiling is perfornmed. such that with respect

to rougtdinessrofya sultasenafatdeiskeehgsheehmahicebn hecoaes:anciud er .
surface of a can, average roughness Pa. becones 1.0mmor nore and 2. 0mm or

| egs, antkiad maxi,nuhehek ght r RyN bedotesoSim opp hbe@ tandh20pdtedrsieests.
Further, sem -bricftit plating is ,apolied.tosue. sheet by an anount of

Sq/ n2 orusrore 4 hust tmarufracturh ng lan datplrat edeisjleel oSheeto fioy/ra.. battery
can. After re-plating, roughness of: a surface of the steel sheet
is again, nmeasdfédr amd formigiocohf inledd tchatcaveragels cughiesisiPalss | f OQm
or nore and 2.0mm or |ess, ends maxi n= height Ry is 5Emor nore and 20mm or
|l ess. performeden thim ghttadmergiatd ngperfdd ridfar mEd By tre/pP&t ithgr i s
measured at 10 points in the neasurenent of surface roughness within a
nmeasur enEhtS§EigE ot 2205 spmerds1 thps t8PAGRahYatldrfEstBrclil 1% hdscope
(scanni ng-type .probe Ti Cros_cope NanbScepeiii nmade Digit_a Inst.(
ament . s Ijgl Pladng 1ayeg esf Fened tHact SHe SB@&%H@{?EY@W%@HS

sem -brigttt, biz:Lb Vi urf.ace :roughness t within 5 0, 20rm c and a
graz.n s'%résjosrtjt%%oﬁih&ﬁ Q%T]ﬁbdﬁ IfﬁlnSlé)Gruf%%eer Pafer'g §O£1Fr§f1?8 T HE" A grain.
size of matt _glqﬁing, NJ_ paated steel. sheets of eaMn:Mmnents 1
to 15 wtH-© ch”alf€ prepared by charg',..ng prepar::ngq conditions as

descri bed abov e gﬁgg i %ng. . ' 29 : 3 01,716
77796 7.196 0: 357, 7 r#]ﬁ 13 i L hBE wiith res &0

to roughness of a surface of the steel sheet which becomes an

outer surface of a can, average roughness Ra becomes 1.0pm or

more and 2.0pm or less, and a maximum height Ry becomes 5um or

more and 20pm or less.

Further, semi-bright platingisappliedtothe steel sheet
by an amount of 8g/n@ or more thus manufacturing an Ni-plated
steel sheet for a battery can.

After re-plating, roughness of a surface of the steel
sheet is again measured, and it is confirmed that average
roughness Ra is 1.0um or more and 2.0pm or less, and a maximum
height Ry is 5um or more and 20pum or less.

A semi-bright Ni plating film formed by re-plating is
measured at 10 points in the measurement of surface roughness

within a measurement range of 2.5umx2.5um using an atomic force
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microscope (scanning-type probe microscope NanoScopeIIl made
by Digital Instruments, Inc.), andit isconfirmedthat theplated
film is semi-bright plating having surface roughness Ra’ within
5 to 20nm, and a grain size of the Ni-plating film surface layer
is smaller than a grain size of matte plating.

Ni plated steel sheets of embodiments 1 to 15 which are
prepared by changing preparing conditions as described above

are shown in Table 3.

[0029]
[Table 3]
ESRL TG roughness
weight of g thickness| surface
. . measured by
diffusion traceable after roughness presence oOr
1 1i (a layer and roughness re-platin| measured | scratches |non-presence
SXampLe | press LiqUict] softened . g by AFM on can [of seizure to
Ni mold
Ra Ry 5
/m? /m Ra (nm)
’ () | (uoy | ¢

1 water-soluble 5.5 1.1 5.3 9 22 not present|not present
2 water-soluble 5.0 1.9 19 10 15 not present|not present
3 water-soluble 6.0 1.5 15 9 20 not present|not present
4 water-soluble 7.0 1.0 10 15 15 not present|not present
S water-soluble 8.0 1.1 5.5 10 6 not present|not present
6 water-soluble 7.0 1.9 19 11 14 not present|not present
7 water-soluble 6.0 1.5 12 13 9 not present|not present
8 water—-soluble 7.5 1.3 9 11 20 not present|not present
9 water-soluble 8.0 1.2 12 10 17 not present|not present
10 low viscosity 5.5 1.1 6.0 9 22 not present|not present
11 low viscosity 5.0 2.0 18 9 21 not present|not present
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12 low viscosity 6.5 1.4 15 10 17 net present|not present
13 low viscosity 8.0 1.0 13 15 15 not present|not present
low
14 . 5.50 1.1 15 10 10 not present|not present
concentration
low
15 . 7.0 1.9 19 9 9 not present|not present
concentration

water—-soluble: water—-soluble

emulsion press liquid

low viscosity: mineral oil press liquid of low viscosity

<Comparison examples>

In comparison examples 1 to 9 shown in Table 4, although

steel sheets used for preparing the comparison examples and the

preparation steps are substantially equal to those for preparing

the examples of the present invention, Ni plated steel sheets

are prepared by changing roughness of temper rolling rolls and

Ni plating conditions for re-plating from those of the examples

of the present invention.

[0030]
[Table 4]
coating
weight
of
diffusi HSHBATESS thickness surface
on S SopEee Y after roughness
. traceable . g scratch PEESEHEE O
comparison press layer roughness re-platin | measured os on non-presence
example liquid and meter g by AFM N of seizure to
softene ca mold
d Ni
layer
Ra Ry 2
/m? /m Ra (nm)
B () [ (pm) ’
comparison | water-sol
s 1 Wble 0.8 9 9 present present
comparison | water-sol
example 2 ble 0.9 10 10 present present
comparison | water-sol
example 3 uble 5.0 1.9 15 I 16 present not present
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1.0771 911:3 C '1917:47 22;69797 7.7777.9777a,- E  6199' 169:.7:17' 71177,

.166W 1,11 TS CC pr 2, 2+ 2772i pi:616 661: 2;1 water-soluble:
wat er - sol ubl e enul sion press liquid |low viscosit,F mneral oil press liquid
of low visepsity <COWa risonexanojes> I n conparison exanples to

S sown In Table 4, although steel sheets useo for preparing the conparison
exanples and the prepa :111.011 steps are 53. 111553 tarl.t..i.81. 1.y equal.
t 0 t hose ctanrprepariangsd: he anpl.es of .the present| | nyentip n_N._|plated

st eel sheetsolare |pr epar ed b)?'eaéhangli'%g roughness of ten%gr rol1ing |rolTs ‘and

Ni pl ating.condit/i.ons for rg_—dol atllr]g frc1>5n t hosleO of thexarrpl es ofl the

present | | dwention- ule present | present
Ceo;g;jprliesogl visig:ity 8.0 10 17 present present
ceo>flaprfprlies071’1 visigvsvity 1.0 10 18 present present
ceoigr)r?prli:an visiggity .50 15 10 present present
comparison Low 7.0 1.9 15 @ 20 present | not present

example 9 | viscosity

water-soluble: water-soluble emulsion press ligquid
low viscosity: mineral oil press liquid of low viscosity

0: out of range of the present invention

Next, batterycans for AAsizealkali batteries are formed
by forming the Ni-plated steel sheets described in the examples
and the comparison examples using two kinds of lubricants
consisting of a mineral oil press liquid of low viscosity and
a water-soluble emulsion.

The battery cans are formed through ten steps. As a
material for forming a part of a mold which comes into contact
with the steel sheet, a WC-N1i material using a Ni binder (NR-8)
is used. In the first step, the steel sheet is formed into a
cup by cupping (cup diameter: ¢$31.42mm, drawing ratio: 1.85,
blank diameter: $52mm), drawing is performed in second and third
steps and drawing and ironing are performed in fourth to sixth
steps such that the cup has an outer diameter of a battery can,
and shoulder forming, final shoulder forming, step forming and
cutting of ears are performed in seventh to tenth steps thus

manufacturing a battery can for AA size battery having a can
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[ 0 03Q] :Table 41 sosplurees IT.P.fsPeS. bie SOSeb..r.S.SS sc.(stse
es; ce: conparison exanp:10 1 ocsipariscsr: exanele 2 -- c00:ifparisor,
exanple 3 Seke .Lrr -s

wall thickness of 0.18mmt.

ToevaluatetheNi-platedsteel sheet for formingabattery
can, cans are continuously manufactured, and the presence or
the non-presence of seizure to a mold and scratches on the cans
are checked. The result is shown in a column “scratches on can”
and “presence or non-presence of seizure to mold” in Table 3
and Table 4 respectively.

[0031]
<Evaluation>

The Ni-plated steel sheets of the examples 1 to 15 which
fall within the scope of the present invention exhibit no
“generation of scratches” and no “seizure to mold” as can be
clearly understood from Table 3 and hence, these Ni-plated steel
sheets are used as excellent Ni-plated steel sheets for forming
battery cans.

On the other hand, the Ni-plated steel sheets of the
comparison examples 1 to 9 which do not fall within the scope
of the present invention exhibit the “generation of scratches”
and “the generation of seizure to a mold” and hence, these
Ni-plated steel sheets do not have practicability.
Industrial applicability
[0032]

According to the Ni-plated steel sheet having excellent
press formability of the present invention, it is possible to
provide aNi-platedsteel sheet where the generationof scratches
at the time of forming a battery can by a press is suppressed

and the generation of seizure to a mold can be prevented and
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hence, the present invention possesses an extremely high

industrial applicability.
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wat er - sol ubl e: wat er-sol ubl e enmul sion press liquid | ow viscosity; m neral
oil press liquid of low viscosity out of range of the present .inytem
Next, .battery cans forsize alkali batteries are formed by form ng the
| 44. -plate.d steel sheets described in the exanples and tne conparison
exanpl es using two kinds of lubricants consisting of a mneral oil press

liquid of low viscosity and a water-sol ubl e emul si on. The battery
cans are- forjml through ben steps. As a. material for formng a. part of a
nol d. which. conmes into con.;.-..,2,ct with the steel sheet, a WG Ni

material using a N binder (NR-8) is used. In the first step, the steel
sheet |Is fcrned into a. cup, by cupping (cup dianeter: t31.42mm draw ng
ratio: 1.85, bllankn dianElere$52tem) shdeawfng ias eertfcorymethd msecond and
third steps and drawing and ironing are perforned. in fourth to sixth steps
such t hatxddiel €up duass anfautari dianetereofim. battery can, and shoul der
formng, final shod:Ill-ler formng, step f oXT!ling and cutting of ears
are performed iam Sevdntfifbusem hasteeoenthassclddneaufla. Lavari hgrrsedattery
can for AR size battery having a. can wall. thickness of 0, 18mmt,

ri k) evalvatétehenNtNiplat bdst @ellsheat foef megabatt 2rytean ofcanstet e
continuously manufactured, and the preseooe or. the rkm of seizure to anold
and scr atltdits G IR CARSIAre® chiecdEedt $estrEs Showe itPEEC 19aBI n. A a
t: Che S on can' and 'presence or noo-prosence of seizure to pold" in Tahle
3 and Table 4 reSpEerPyepyt &{Qépaapaoﬁéyemé%\nﬁ%ms%w $18efOBATIet S of
the exanples 1 to 1.5 fall within the scope of the present invention

exhi bi t l@%%%Tation of scratches' and no "seizure to nold" as can be

trct.theseN - platedst eol sheet ex<.-elik?.. ht Nd-pikited
Stoel . ‘shef or " Faiini it patd 8ry “bin: L ceRiUEEFRlTnallendif S

Plated steel, sheel s gf f e STparl son. exam! 83 ck.LooR YALED do nof fal|

wi thin the scope at one pi osent I nvention ex i on of

sck. atc, ) ! i f. i Zur ). d" and: .~Lhose N
-pl ated %ﬁ%%“ggﬁgg%ggdgfgg%ﬁ%ﬁl g%69§Ct§ga |%?%%Fn?%gﬁg??ﬁérggggf?%abiIity
Acek)rdifg§bgo thelLl si-lathscc, rl,:ngexcel Ti kant p:essfornabilLlty of the

pr esent |nven%ion, it is possible to at the tine of forndng a. battery can
by. a press is supnpiessedqandstIhoogoner athonpeh gsei gl stang &y can. he

prevented. and

measured by a traceable roughness gauge is 1.0pm or more and
2.0um or less, and a maximum height Ry of the semi-bright Ni
plating layer measured by the traceable roughness gauge is 5um
or more and 20um or less, and

surface roughness Ra’ of a surface of the semi-bright
Ni plating layer in an area of 2.5um x 2.5um which is obtained
by an atomic force microscope falls within a range from 5 to
22nm.

2. The Ni-plated steel sheet for a battery can having
excellent press formability according to claim 1, wherein the
Ni coating weight of the Fe-Ni diffusion layer and the softened

Ni layer formed on the Fe-Ni diffusion layer is 5 to 8g/m?, and

the Ni coating weight of the semi-bright Ni plating layer is
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"hence, the present invention posseses an extremnely high industrial
applicability dains : 1, A N-plated steel crest for a battery
can having excellent press formability, w hetein. an Fe-M
diffusion |l ayer and a softened N |ayer fornmed on the Fe-N diffusion |ayer
are formed on a surface of a steei. sheet corresponding to an outer surface

of the battery can, a sem-bright Ni plating layer is forned on the
sof teneds Nip2l gyehpre. a Ni cbatingwei ght of the Fe-Ni diffusion |ayer
and the. softened Ni. layer formecl on the Fe-N1 diffusion |ayer is set

smaller than a Ml coating weight of the sem-bright. Ni. plating | ayer,
aver age roughness Pa of the sem --bright Ni plating |ayer nmeasured by a
traceabl e roughness gauge is i.Opmor nore and 2.0pmor |ess, and a

maxi mum height Ry of the sem -bright plating | ayer neasured. by the
traceabl e roughness gauge. is 5pmor nore and 20li mor |ess, and

surface roughness Pa! of a surface of the sem -bright NI plating |ayer in
an area of x 2.5,t.m which is obtained by an atom c force mcroscope falls
within a range from5 to 22nnf 2. The M -plated. steel sheet for a
battery can having excellent press formability according to claiml,
wherein the Ni coatiJloweight. of the Re -Ni diffusion |ayer and The
softened N | ayer forned on the Fe-M. diffusion layer is 5 to .g/nR2, and
the Ni coating weight of the sem -bright Ni plating layer is , or nore.
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